To document secular data on changes in the distribution of body mass index (BMI), to determine the probability of overweight at 40 y of age in Belgian males in relation to the presence or absence of overweight at different ages in adolescence, and to estimate tracking of BMI in Belgian males in Belgium aged 12 ± 40 y. DESIGN: Cross-sectional and mixed longitudinal surveys in nationally representative samples of Belgian males and females. SUBJECTS: Cross-sectional Ð more than 21 000 boys and 9698 girls; to examine secular trends Ð 3164 boys and 5140 girls; to examine tracking Ð 161 males. MEASURES: Body mass and height to determine BMI. RESULTS: In Belgian children the degree of overweight has increased between 1969 and 1993. Tracking of BMI is high in adolescence (r 0.77) and adulthood (r 0.69 ± 0.91) and moderate from adolescence to adulthood (r 0.49). In Belgian males, the probability of overweight at 40 y of age in the presence of overweight at different ages in adolescence is important (odds ratios 5.0 ± 6.9). CONCLUSIONS: Cross-sectional and longitudinal data, trends and tracking of BMI from 1969 until 1996 in Belgium indicate an increase in the degree of childhood overweight and obesity. Moreover, the risk of an overweight male adolescent becoming an overweight adult is substantial. Measures to restrict the Belgian overweight and obesity epidemic should be taken.
Introduction
The prevalence of overweight and obesity in children and adolescents has increased dramatically, as has been reported in the USA 1 and in European countries such as Finland, 2 the UK, 3 The Netherlands, 4, 5 Denmark, 6 France 7 and BelgianLuxembourg. 8 The social and health risks of childhood and adolescent obesity are substantial and persist into adulthood. 9, 10 Overweight and obesity in children is de®ned by a statistical criterion, which is a selected percentile of body mass index (BMI). The criterion de®nes a cut-off value from a reference population at a ®xed time-point, based on sex, age and race. Obesity is thus de®ned as a BMI at or above the 95th percentile, while the level of increased risk of becoming overweight is determined between the 85th and 95th percentile. 11 To de®ne overweight in adults, a cut-off point for BMI can be de®ned based on data relating morbidity and mortality to weight status. 12 Tracking refers to the relative stable position of an individual BMI within a group over time. Tracking of BMI means that an individual having a high BMI in childhood tends to have a high BMI in adulthood. High correlations between the BMI of individuals as children and as adults indicate tracking. A few follow-up studies have been performed to investigate tracking of BMI from childhood into adulthood. 13 ± 15 In childhood correlations tend to decrease as time intervals increase. Inter-age correlations of BMI are moderate to high between the age of 18 y and adulthood (30 ± 40 y of age) and only moderate between 13 y and adulthood. 13 ± 15 The risk of overweight in adulthood is associated with the presence of overweight in childhood and adolescence. 16 Odds ratios can be calculated to estimate this risk. Childhood and even more so adolescence obesity was found to be an important predictor of adult obesity, regardless of whether the parents are overweight. 16 In Belgium, available data on childhood overweight are limited to the region Belgian-Luxembourg. 8 Therefore, the purpose of this paper is to provide data on secular trends in prevalence of overweight in Belgian boys and girls aged 12 ± 18 y between 1969 and 1993. Moreover, odds ratios to estimate the risk of an overweight child becoming an overweight adult and tracking or persistence of BMI from childhood into adulthood between 1969 and 1996 in Belgian males will be studied.
Subjects and methods
Data were collected from the Leuven Growth Study of Belgian Boys (LGSBB) 17 and the Leuven Growth Study of Flemish Girls (LGSFG). 18 The LGSBB is a combined crosssectional and longitudinal physical ®tness study of boys aged 12 ± 18 y conducted from 1969 until 1974. A total of more than 21 000 observations were made in Belgian boys selected in 1969 ± 1974, from the ®rst grade through the sixth grade of 59 representative Belgian secondary schools. 19 Of these boys 588 were measured annually until sixth grade in 1974. 17 The LGSFG is a cross-sectional national survey of 43 primary and 45 secondary schools, including 9698 girls. It was carried out in 1979 and 1980 18 ( Table 1) . To examine secular trends in BMI, these data were compared to data from the research project Physical Fitness in Flemish Youth (PFFY). 20 PFFY was conducted by the Administration for Sport, Physical Education and Leisure of the Flemish Government from 1989 until 1993. In all, 4562 boys aged 6 ± 18 y and 4921 girls aged 6 ± 18 y participated in the study.
To examine odds ratios for the risk of adult overweight and tracking of BMI, the data for boys were combined with the data from the Leuven Longitudinal Study on Lifestyle, Fitness and Health (LLSLFH) which is a follow-up from the LGSBB. 21 Assessments were performed in adolescence annually from the age of 13 y until 18 y, and in adulthood at 30 (1986), 35 (1991) and ®nally at 40 y of age (1996) . The longitudinal sample spanning the age range 13 ± 40 y comprised 161 male subjects (Table 1) .
In these studies several physical ®tness parameters were assessed. For the purpose of this paper, only body mass and height are considered to calculate BMI. For each of the studies the measurements of weight and height were performed by a staff of personnel, instructed and supervised by experienced investigators. The participants were barefoot and wearing only underwear or a bathing suit. Weight was measured and recorded to the nearest 100 g. Height of the subjects was recorded to the nearest 1 mm.
Statistical analysis
Statistical analysis was performed with Statistical Analysis System procedures (SAS, Institute Inc., Cary, NC, USA). BMI was calculated from the weight and height data. To investigate secular trends, percentiles of BMI at each age were calculated. To assess the probability of becoming an overweight adult (BMI b 27.7, same cut-off value as used by Whitaker et al 16 ) among those who were overweight during childhood, odds ratios were calculated. To analyze tracking of BMI, Pearson inter-age correlations were calculated.
Results

BMI in boys
Age changes in BMI of BMI at the 5th 15th, 50th, 85th and 95th percentiles in 12 ± 18-y-old boys of the LGSBB (1969 ± 1974) and PFFY (1990 PFFY ( ± 1993 ) are plotted in Figure 1 . Over this 20 y period, the largest increases in BMI are observed at P85 and P95. For P85 the increases range from 0.51 kgam 2 at the age of 13 to 1.3 kgam 2 at the age of 17, and for P95 from 0.93 kgam 2 at 14 y to 1.89 kgam 2 at 13 y of age. At all ages the standard deviation is statistically higher in the more recent observations (1990 ± 1993) . This is due to the larger degree of overweight.
BMI in girls
Data of BMI in 12 ± 18-y-old girls of the LGSFG (1979 LGSFG ( ± 1980 and PFFY (1990 PFFY ( ± 1993 at the 5th, 15th, 50th, 85th and 95th percentiles are plotted in Figure 2 . For P85, BMI in girls increased considerably between 1979 ± 1980 and 1990 ± 1993 ( 1.04 kgam 2 at 12 y to 2.21 kgam 2 at 17 y of age). Obesity trends in Belgium M Hulens et al Odds ratios for overweight in adulthood according to subjects' overweight status in childhood in males Odds ratios for overweight in 40 y-old men, de®ned as a BMI at or above 27.8 kgam 2 for boys with a BMI at or above P85, are presented in Table 2 . The P85 at 13, 15 and 17 y used here is calculated from the data of the 161 males followed longitudinally and measured both in adolescence and at 40 y of age. The BMI cut-off score of 27.8 kgam 2 in adulthood nearly corresponds to the P84 ± P85 of this Belgian sample of 40-y-old men. The odds ratios of becoming an overweight adult when being overweight at 13, 15 or 17 y range from 5.0 to 6.9.
Tracking of BMI from childhood into adulthood in Belgian males
Tracking of BMI refers to the stability of this characteristic from adolescence into adulthood. The inter-age Pearson correlation coef®cient was high in adolescence, ie 0.77 between 13 and 18 y of age. In adulthood, correlation coef®-cients were 0.69 between 18 and 30 y and 0.91 between 30 and 40 y of age. From adolescence into adulthood correlations are still moderate: 0.49 from 12 to 40 y and 0.56 from 17 to 40 y of age.
Discussion
Data on BMI, secular trends and tracking in a Belgian nationally representative sample of schoolchildren and adolescents in the period 1969 ± 1996 are reported (Figures 1 and  2) . In both sexes the degree of overweight or obesity de®ned by the more extreme levels of BMI (P85 and P95 respectively), has increased considerably. BMI at the 95th percentile has increased, which could suggest that those at risk for overweight might actually have become overweight. Hence, prevalence of overweight is not only increasing, but the heaviest children are even heavier than before. These observations are similar to those in the USA and in European countries such as Denmark. 1, 6 The risk of becoming overweight in adulthood is large if subjects are already overweight during adolescence (13 ± 17 y of age; Table 2 ). Odds ratios show that an overweight 13 to 17-y-old boy has a 5 ± 7 times higher risk of becoming an overweight 40-y-old man. An American retrospective cohort study found that the odds ratio for overweight (BMI 27.8 kgam 2 ) in young adulthood (29 y of age) of an obese 6 ± 9-y-old child was 8.8, whereas at 15 ± 17 y of age it was as high as 17.5. (The cut-off scores to de®ne childhood overweight and obesity in that study were derived from the ®rst and second National Health and Nutrition Examination Surveys.) 16 Additionally, the data obtained in Belgian men show that overweight tends to persist over a longer period of time. Particularly at 18 y of age, male individuals with a high BMI have a considerable probability of having a high BMI at 30 and at 40 y of age. Tracking of obesity from adolescence into adulthood has been studied before. 16 The tracking coef®-cients of 0.50 ± 0.57 reported for three large longitudinal studies (Fels, Guidance, Harvard and Oakland) in the United States 22 are strikingly similar to those obtained in the Belgian sample (0.49 ± 0.56).
Thus, similar to the USA and other Western European countries, in Belgium the prevalence of overweight or obesity is rising among children and adolescents. Moreover, a higher percentage of the children and adolescents were at risk of becoming overweight in 1990 ± 1993. Furthermore, the most overweight children (P85 and P95) have become even more overweight, with even more important health consequences. These observations clearly indicate that childhood overweight is imposing an enormous health problem in Belgium. In addition, as persistence of a high level of BMI into adulthood has been demonstrated in this study, most of these overweight children will become overweight adults.
Childhood overweight thus should be addressed from a public health perspective. Therefore, a public intervention to prevent or reduce children's overweight should be initiated, but, as has been pointed out recently in a European Survey, 23 a combination of diet and exercise as a method of weight control is underestimated or undervalued by the general overweight population. Thus, a campaign alone might not be effective in encouraging people to lose weight. Comprehensive public programs involving children and parents should be tailored.
Conclusion
This paper reports data on secular trends and tracking of BMI in a Belgian nationally representative sample of schoolchildren and adolescents in the period 1969 ± 1993. An increase of prevalence of high levels of BMI in adolescent boys and girls is demonstrated. High tracking is found, especially during adolescence and adulthood. Moreover the risk of an overweight adolescent becoming an overweight adult is substantial. Considering the extensive health consequences, 
